Objective: To evaluate whether Hong Kong primary schoolchildren could be taught to perform compressiononly CPR. Design: Prospective experimental trial Subjects: Primary schoolchildren of age 9-12 years old from different Cub Scout packs attended a 2 hour voluntary compression-only CPR training session between late 2014 and mid-2015. Main outcome measures: Cardiopulmonary resuscitation (CPR) knowledge in the format of pre-and post-test multiple choices questions (MCQ). Psychomotor skills assessment including correct hand position, compression depth, compression rate and chest wall recoil between each compression. Results: A total of 112 primary schoolchildren attended the training session, in them 72% were boys. Pretest score and post-test score was 2.81/5 and 4.82/5, respectively. The difference was statistically significant (p<0.05). About 96% of subjects had correct hand position at all time during CPR. Mean compression rate was 119/minute. Mean compression depth was 3 cm. About 47% of subjects had 100% complete recoil of chest wall following compression. Conclusion: Primary schoolchildren above 9 years old are able to acquire essential knowledge and skills in compression-only CPR. Their physical strength may limit their ability to perform effective chest compression; it is still worthwhile to advocate CO-CPR education in primary schoolchildren in Hong Kong in order to raise their interest in this life saving skills and to equip them with essential cognitive skills in emergency situations. To achieve optimal cost-effectiveness and a compression depth of at least 4 cm, body weight of 53 kg or above should be considered as a selection criterion. (Hong Kong j.emerg.med. 2017;24:67-72) 
Introduction
Out of hospital cardiac arrest (OHCA) remains a condition with a very low survival rate worldwide, despite the invention of cardiopulmonary resuscitation (CPR) in 1960. Local studies from mid 1990s to 2000s reported a survival to discharge (STD) rate of around 1.25%-3%. [1] [2] [3] [4] More recent observational studies in Hong Kong reported an improvement in STD rate among patients with pre-hospital shockable rhythm as 6.7%. 5 However, STD rate among cardiac arrest patients presenting with non-shockable rhythm remained low (0.86%). 6 Chan et al identified bystander CPR was associated with better prognosis in shockable rhythm (Odds ratio [OR] 5.76; 95% confidence interval [CI]=1.08-30.5). A 5-year (2005-2010) OHCA surveillance in United States also showed a significantly higher (11.2%) survival rates among patients who received bystander CPR compared to those who did not (7%) (http://www.cdc.gov/mmwr/ preview/mmwrhtml/ss6008a1.htm). Hence, bystander CPR therefore can triple the chances of survival in OHCA patients. This had led to the incorporation of early recognition of cardiac arrest and immediate high quality CPR in the American Heart Association (AHA) out-of-hospital chain of survival.
Despite the strong evidence that bystander CPR improves survival, bystander CPR rate in Hong Kong were reported to be 13.2% and 26.7%, respectively, 5, 6 which were inferior to 73% in Norway 7 and 29.4% in Singapore. 8 Compression-only CPR was advocated by American Heart Association (AHA) to increase bystander CPR rate in both 2010 and 2015 guidelines. 9 It was hoped that lay rescuer would be more willing to perform CPR in OHCA patients without the need to perform mouth-to-mouth ventilation.
CPR education in school first started in Norway in 1961. 10 Multiple studies stated the optimal age to start CPR education was 11 years old, [11] [12] [13] [14] [15] based on the intellectual ability and sufficient body mass to perform CPR. Red Cross and St John's Ambulance on a voluntary and paid basis provide local CPR training. Existing programs accept students from age 13 or above. We believe that in teaching knowledge of CPR to younger children, they are exposed to the concepts at an earlier age and may even help encourage their families and schoolmates to attend CPR training.
We conducted a first prospective pilot study primarily to evaluate whether primary schoolchildren could comprehend CPR sequence; and secondly to assess whether they could perform effective compression-only CPR on manikin to give an insight to the future CPR education in Hong Kong.
Methods
We conducted the experimental study from late 2014 to mid-2015. Hong Kong College of Emergency Medicine and Scout Association of Hong Kong approved the study. We recruited local cub scouts between 9-12 years old as subjects by convenience sampling. Cub scout section in Hong Kong consists of primary school children between 8 to 12 years old. There were a total of 23,000 cub scouts in 2014.
Demographic data including age, sex, body weight and height were collected from the recruited subjects. Contact method was also obtained for follow up purpose. Personal information was confidential and would be prior to each session. Subjects without parent consent or missing data were excluded from the study.
Subjects were requested to attend a 2-hour compression-only CPR training session in a voluntary basis. The 2-hour session was divided into 10 minutes pre-test multiple choices questions (MCQ) test, 20 minutes live demonstration, 30 minutes hands-on practice, followed by 40 minutes assessment and 20 minutes debriefing and summary. Five identical sessions were conducted. At the start of each session, subjects were given a written pre-test to determine their baseline CPR knowledge. The written questions were drafted by an American Heart Association (AHA) Basic Life Support (BLS) instructor and were approved by all investigators. A pre-recorded video featuring a 12-year-old cub scout in performing the whole sequence of compression-only CPR (ie. ensure scene safety, assess victim's responsiveness, call for help and chest compression) was played to subjects. Each subject was given an inflatable mini-Anne manikin for practice. A step-by-step live demonstration by the tutor emphasizing on the technical skills of chest compression followed. At the same time, other tutors offered assistance to the subjects. Tutor-to-student ratio was kept at 1:6. We employed a practice-whilewatching strategy as the teaching video was replayed during the practical session. All tutors were qualified BLS certificate holder, 6 were doctors and one was registered nurse. Auditory guidance by Bee Gees 'Staying' 'Alive', which was at the same beat of accessed for research purpose only. Parental consent form was signed compression-only CPR, was used to help subjects perform compressions at the recommended rate of 100/minute.
After 30 minutes of hands-on practice with the inflatable manikin (Figure 1 ), subjects would complete a written post-test, which was identical to the precourse test (Appendix). Each subject then performed c o m p re s s i o n -o n l y C P R o n a Sk i l l Re p o r t e r ResusciAnne model for one minute. The compression data was recorded for further analysis. Parameters recorded included hand placement, compression rate, compression depth and chest wall recoil.
All statistical analyses were performed using the Statistical Package for the Social Sciences (Windows version 17; SPSS Inc, Chicago [IL], US). A P value of less than 0.05 was regarded as statistically significance. Paired sample t-test was used for comparing pre-test and post-test scores while linear regression analysis was used to study the relationship of compression depth to body weight and height, respectively.
Results
We recruited 115 subjects. Three of them were excluded from data analysis due to missing data and no parent's consent. Age ranged from 9 to 12. Eightyone (72%) were boys. The mean weight was 37.4 kg, the mean height was 1.42 meter and the mean BMI was 18.2 (Table 1) . Pre-test mean score was 2.81/5 while the post-test mean score was 4.82/5, the difference was statistically significant (p<0.05). Ninetyfour (84%) subjects answered all questions correctly in post-test. Most subjects (82%) answered the question regarding the rate of compression incorrectly during pretest, while 10% of subjects answered the question relating to the sequence of action in emergency incorrectly in post-test (Table 2) . Regarding the skills of compression-only CPR, 107 (96%) had correct hand position at all time during CPR. Mean 
Discussion
Our study showed that children as young as 9 years old were capable of comprehending and practicing compression-only CPR after 2 hours of training. There was a significant improvement in the MCQ testing result before and after the session. Most of them scored full marks in post-test questions. They could elicit the correct sequence of action in emergency situations and were able to retain the core concept of CPR. However, 9% of subjects did not know the emergency phone number in Hong Kong despite this information ought to have covered in the school curriculum and assumed to be a common sense. Teachers should make note of this result and find ways to fill up the knowledge gap.
For the chest compression skills acquisition testing, most of the subjects performed well in correct hand position, complete recoil between each compression and the compression rate. Most of them could not perform chest compression of the recommended 5 cm depth, the mean compression depth was 3 cm. This was in line in previous studies as they reported a mean compression depth of 3.6 cm. Those 2 trials were conducted before 2010 and the authors defined 50 kg and BMI over 15 as the threshold of success based on the fact that AHA guideline in that era recommended chest compression depth of 3.8 cm. 15, 16 Based on the data, we predicts a similar body weight of 50 kg to achieve 3.8 cm compression depth from our linear regression analysis, showing that the performance of Hong Kong schoolchildren could be compatible to Korean children. Although the ability of performing effective CPR must be limited by physical ability, subjects should have no difficulty in acquiring cognitive skills as shown in the MCQ and other skills assessment. The authors would like to stress that this was a pilot study to explore whether Hong Kong primary schoolchildren could be taught to perform compression-only CPR, rather than testing whether schoolchildren could perform effective chest compression on manikins. Therefore, a brief skills assessment period (i.e. 1 minute) was chosen instead of a full BLS cycle.
We emphasized on hands on practice in our training as we allocated more than 30 minutes for subject to practice on their own manikin. Multiple studies showed that children receiving standalone theoretical training performed poorly on skills testing. An Italian group found that 8-11 years old receiving only theoretical training performed significantly less well on MCQ than those also receiving practical training. 14 We observed that young children were difficult to cope with complex motor skills required in CPR in such a short period of time. Hence we aimed to keep the steps simple by performing step-by-step live demonstration, with immediate feedback and correction by the tutors. In order to keep the subjects engaged, we prepared a video tape featuring a cub scout of their age performing compression-only CPR, in order to encourage the subjects that they should be able to perform excellent chest compression as well. To make the training ageappropriate, we intentionally did not enter into cumbersome details, such as pathophysiology of cardiac arrest and scientific evidence behind. On the other hand, we focused on importance of bystander CPR and its relation to patient's survival.
There could be several advantage of introducing CPR teaching to primar y schoolchildren. Primar y schoolchildren are usually more willing to learn and accept new concepts. They show more empathy to others and by learning life-saving skills can improve their self-esteem and sense of contribution to society. 17 Previous study showed that CPR tuition should start at an early age, and school should be a perfect environment to capture all future citizens. 10 Norway is one of the few areas in Europe with mandatory CPR education in school curriculum and this is reflected by better bystander CPR rates and survival. 7 Singapore has recently launched a national Dispatcher Assisted first Responder or DARE Program, which is a simplified one hour hands on session to teach children how to perform CPR and use an AED (http://www. sgh.com.sg/about-us/newsroom/news-release/Pages/ Would%20you%20DARE.aspx?utm_source=facebook &utm_medium=social&utm_campaign=DARE). Major Resuscitation bodies in Europe including the International Liaison Committee on Resuscitation (ILCOR) issued a joint statement in 2014 advocating to train school children in CPR worldwide. The World Health Organization (WHO) subsequently endorsed it in 2015. This 'Kids Save Lives' campaign could have a 'multiplier effect' which may increase lay bystander resuscitation rate and the survival rate. 18 In Hong Kong, up to 80% of sudden cardiac arrest occurred at home and the average age of victims is around 73, 2 school children may be the only witness or person in the scene event involving grandparents, parents or even friends.
A local group had conducted a survey on CPR knowledge and attitudes among high school students. 19 They found out that 87% of the students did not receive any CPR training. However, most of them would attempt to perform CPR on someone with cardiac arrest, even if they had not received training, since they believed CPR could improve survival rate and was morally correct. Promulgating CPR training to our young generation and school would be a right arena. The author also reported barriers to perform CPR, including making a mistake and hurting the patient, as well as lack of confidence. Previous study already proved that life-saving benefits provided by CPR outweigh any unintended injuries. 20 By performing compression-only CPR without mouth-tomouth ventilation could alleviate the worry of a risk of infection as reported by some students in the survey.
There are several barriers to promote CPR education to primary schoolchildren in Hong Kong. Firstly, the lack of time in the midst of busy academic schedule. Secondly, the lack of expertise in school. It has been proven in Germany that CPR trained teacher could deliver effective CPR training in school comparable to emergency physicians, 12 and therefore teachers maybe the potential trainers. Thirdly, the lack of funding. The manikin used in the study is the inflatable Mini-Anne which costs HKD$600. In order to keep a low student-to-manikin ratio, each school may need to spend several hundred thousand dollars on equipment for training purpose, which may pose a significant financial burden to some schools. Hence, financial support from the government or other voluntary organisations is of paramount importance.
Limitations
There are 3 limitations in our study. Firstly, sample selection was by convenience sampling and not by randomisation, which might result in a selection bias. Secondly, our subjects came from a uniformed organisation and the subjects might have higher motivation and eager to learn, therefore the results might not be generalisable to all primary schoolchildren locally. Thirdly, due to logistic difficulties, assessment was made at the end of each session, hence retention of knowledge and skills were not tested after certain time interval. We plan to conduct further studies to assess both knowledge and skills retention of these subjects after a certain timeframe.
Conclusion
We show that primary schoolchildren above 9 years old are able to acquire essential knowledge and skills in compression-only CPR. Although their physical strength may limit their ability to perform effective chest compression, it is still worthwhile to advocate compression only CPR education in primar y schoolchildren in Hong Kong in order to raise their interest in this life saving skills and to equip them with essential cognitive skills in emergency situations. However, for the sake of optimal cost-effectiveness, body weight should be considered; and our suggested criteria is 53 Kg or above.
